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Changes  in  various  indlaes  of  the  blood  baoterioidal  reaotion 
were  studied  in  persona  immunized  with  typhoid  and  typhoid- 
paratyphoid  vaooines  of  known  epldemiologloal  effloaoy. 

No  correlation  was  revealed  between  the  effloaoj  of  the 
preparations  and  their  oapaolty  to  increase  the  phagooytlo 
activity  of  leukooytes  to  0-  and  VI -strains  of  typhoid 
bacilli,  to  stimulate  the  thermostable  and  thermolablle 
bactericidal  activity  of  the  blood,  or  to  effeot  the  general 
complementary  aotlvlty  and  properdin  system  indioes. 

Following  vaccination,  elevation  of  blood  phagooytlo  aotlvlty 
and  properdin  content  was  observed  in  persons  with  relatively 
low  indices  before  immunization,  while  no  corresponding 
ohanges  were  detected  in  persons  with  relatively  high  initial 
values. 
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BACTERICIDAL  ACTIVITY  OF  THE  BLOOD  OF  PERSONS  VACCINATED  VIIH 
VARIOUS  TYPHOID  AND  TYPHOID- PARATYPHOID  VACCINES 


In  recent  years  there  has  been  growing  interest  in 
studying  the  dynamics  and  mechanisms  of  the  effect  of 
humoral  and  oellular  protective  factors,  participating  in 
the  prooess  of  ridding  the  organism  of  agents  of  infeotion 
(Adlar,  1953;  Lane*'*  and  Pillemer,  1956;  Mushel  and  Treffers, 
1956;  Soulier  and  nenaohe,  1958;  Delaknay,  1958;  Isliker, 
1959;  Bagzasarov  et  al,  1961;  Khazanova,  1964;  Suponltskaya, 
1964,  1965;  Martynova  and  Bissarionova,  1965,  eto.). 

Testing  was  undertaken  to  etaluate  the  intensity  of  post- 
vaooinal  immunity  against  typhoid  fever.  According  to 
the  activity  of  one  of  the  indloes  of  bactericidal  reaotlon 
of  blood  to  typhoid  mlorobes  (Melikova  et  al,  1953; 

Mellkova,  1963;  Karolohek  et  al,  1961,  1962;  Ladosz, 

1964  etc.).  We  have  shown  in  previous  research  (Levina 
et  al,  1965)  that  vaoolnatlon  against  typhoid  fever  leads 
to  a  brief  increase  in  the  oontent  of  properdin  and  the 
third  (C'3)  component  of  the  complement,  without  oausing 
ohanges  in  the  oontent  of  other  components  and  the  overall 
complimentary  activity.  In  vaooinated  people  there  was  an 
lnorease  in  phagooytio  aotivlt y  of  the  luoooytea  in 
relation  both  to  homologous  (typhoid  fever)  and  hetero¬ 
logous  mlorobes  (staphylooooous). 

The  purpose  of  our  work  was  oomparatlve  study  of 
the  dynamios  of  various  indices  of  baoterloldal  aotivlty 
in  the  blood  of  persons  vaooinated  with  typhoid  fever  and 
typhoid-paratyphoid  B  vaoolnes  with  various  epldealologloal 
effloaoy. 
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In  the  works  heated,  alcoholic,  and  ohemloal  vaoolnes 
were  used,  which  were  tested  In  the  USSR  In  epldemiologloal 
experiments  In  1961  and  1962  (Kheysets  et  al,  1964,  1965), 
and  also  vaoolnes  K-VOZ  and  L-VOZ,  whloh  are  undergoing 
study  In  Guiana  and  Yugoslavia  (Yugoslav  Typhoid  Commission, 
1964),  Preparations  were  Injeoted  subcutaneously  to 
volunteers  not  previously  vaoolnated  (16-50  years  In  age) 
twice  at  20-30  day  Intervals. 

The  phagocytosis  reaotion  was  carried  out  according 
to  the  generally  accepted  method,  using  a  suspension  of 
live  20-hour  agar  culture  of  S.  typhi  4446  (Vl-straln)  and 
typhoid  O-dlagnostlc  (receptor  IX). 

The  bactericidal  aotivlty  of  the  blood  was  determined 
by  two  methods,  the  first,  using  an  exogenous  complement. 

Por  this  purpose,  whole  serum  was  heated  at  560  for  thirty 
minutes,  and  5~fold  dilution  of  it  was  prepared  (1j5-1i3125), 
then  about  0.5  ml  of  eaoh  dilution  of  the  serum  was  pcured 
into  test  tubes,  0.5  ml  of  the  20-hour  broth  of  a  oulture 
of  Vl-straln  of  typhoid  baoteria,  diluted  l: 100,000,  and 
0.5  ml  of  guinea  pig  serum  at  a  dilution  whloh  did  not  show 
a  baoterloldal  effect.  In  control  test  tubes.  In  place  of 
serum  or  complement,  0.5  ml  of  physiologic  solution  at 
pH  7.0  was  added.  The  test  tubes  were  vibrated  and  mixed 
In  a  water  bath  at  37°  for  two  hours,  and  then  0.1  ml  of 
the  oortents  of  each  test  tube  was  innooulated  In  two 
plates  with  weakly  alkaline  agar.  Analysis  of  the  colonies 
was  carried  out  after  24  hours  of  incubation  of  the  plates 
at  37°.  Serum  was  considered  to  be  active  In  which  not  more 
than  50/t  of  the  oolonles  grew  in  comparison  to  the  oontrol. 

Secondly,  the  baoterloldal  aotivlty  of  -2Lood  was 
established  using  andogenous  complement.  For  this  method, 
to  0.4  ml  of  native  serum  (fresh  or  kept  at  -70°)  were 
added  0.1  ml  of  a  suspension  (veronal  buffer  pH  7.2)  of 
20-hour  agar  oulture  of  Vl-straln  of  typhoid  baoteria, 
containing  200  million  mloroblal  oells  per  ml.  The  mixture 
was  carefully  vibrated  and  mixed  In  a  water  batn  at  37° 
for  two  hours.  Then  the  contents  of  the  test  tubes  were 
refrigerated  at  0°  in  an  1 oe  bath  (with  the  purpose  of 
curtailing  the  baoterloldal  reaotion)  in  5  serial  5-fold 
dilutions  carried  out;  0.1  ml  of  the  mixture  of  each 
dilution  was  seeded  In  a  plate  with  weakly  alkaline  agar. 

In  a  controlled  test  tube  in  place  of  serum,  0.4  ml  of 
veronal  buffer  was  added.  Analysis  of  oolonles  was 
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carried  out  after  lnoubation  of  the  plates  in  a  thermostat 
at  37°  for  two  days.  The  activity  was  expressed  in  the 
form  of  a  baoterioidal  index  (Karoloek  et  al,  1961,  1962); 

if  I -lor  number  of  live  microbes  in  control 

number  of  live  microbes  in  experiment  . 

Properdin  was  determined  with  the  help  of  a  variation 
of  the  zymozan  method,  proposed  by  Mashkov  and  Mikhaylova 
(1962).  The  properdin  oontent  increased  in  per  cent  of  an 
activated  guinea  pig  complement  (RP),  added  in  the  presence 
of  zymozan  to  0.1  ml  of  the  test  serum  (fresh  or  stored  at 
-?0°).  The  complement  and  its  components  were  determined 
by  complete  hemolysis  by  titration  with  preserved  reagents 
according  to  the  method  of  Mashkov  et  al  (1963).  Moreover, 
the  complement  oontent  was  established  by  titration  of 
native  serum,  using  a  7%  suspension  of  sensitized  sheep 
in  physiologic  solution. 

The  presence  of  so-called  semlquantltative  value 
during  the  determination  of  properdin,  complement  and  its 
components  required  the  use  of  the  median  as  the  average 
value.  The  confidence  Intervals  of  the  median  were 
determined  according  to  the  table  of  Ashmarin  and  Vorob'yev 
(1962).  Statistical  analysis  of  researoh  materials  was 
carried  out  at  a  level  of  significance  of  0.05. 

Research  materials  Indicated  that  the  dynamics  of 
various  indices  of  bactericidal  activity  depended  on  the 
initial  value  (Table  1).  Thus,  in  our  observations  the 
data  of  Karolcek  et  al  (1961)  on  the  absence  of  an  increase 
of  bacterloldal  activity  upon  vaccination  of  persons  with 
an  initial  bacterloldal  index  equal  to  two  or  greater, 
were  confirmed.  Moreover,  it  was  established  that  in  persons 
with  initial  lndioes  of  phagocytosis  exceeding  40%,  as  in 
persons  whose  serum  inactivated  more  than  20%  BP  before 
vaccination,  an  lnorease  in  these  lndioes  after  vmoolnatlon 
was  not  revealed. 

In  studying  the  imam ‘os  of  phagocytic  activity  In 
persons  vaccinated  v ~ r.e  increase  in  phagooytlo  aotlvlty 
m  vaccinated  persons)  the  increase  in  phagooytic  aotlvlty 
was  determined  in  relation  to  0-  and  Vl-strains  of  typhoid 

^-Properdin  and  components  of  the  complement  were  determined 
in  the  mioroblologioal  laboratory  of  the  Institute  of 
Fedlatrlos  AMN  3SSH  in  collaboration  with  Z.M.  Mikhaylova. 


microbes)  with  various  Intensities  of  phagocytosis, 
vaoolnated  with  preparations  of  various  epidemiological 
effloaoy  (for  example,  the  more  effective  aloohollo  and 
less  effective  ohemloal  vacolne  of  the  Mosoow  Institute 
of  Vaoclnes  and  serum  named  for  Meohnlkov),  were  not 
revealed  (Table  2).  A  difference  In  the  Intensity  of 
phagocytosis  was  not  found  In  persons  vaoolnated  with 
highly  effective  heated  vaccine  and  typhoid-paratyphoid 
B  divaoolne  of  the  Institute  of  Epidemiology  and  Microbiology 
named  for  Gamalei  -  with  a  preparation  whloh  did  not  protect 
people  from  typhoid  fever  In  the  epidemiological  experiment 
of  1962.  Similar  results  war'  obtained  by  Ladosz  (1964), 
who  studied  the  opsonization  effect  of  serum  from  persons 
Immunized  with  vaoolnes  tested  In  Poland  In  the  Immuno¬ 
logical  experiment  of  1961. 


Table  1 
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F»Bactericidal  activity  -  average  index  and  its  standard  deviation 
(in  units) 

G*Properdin  -  median  in  activated  RP  and  its  confidence  interval  (in\) 
H*Phagocytosis  -  arithmetic  mean  and  its  standard  deviation  (in  V) 


Mote.  Here  end  In  Table  2  In  braokets  the  first  number 

Is  the  standard  deviation  of  the  Index,  the  seoond 
is  the  oonfldenoe  Interval. 
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The  effect  of  vaooination  on  baoteriolytio  activity 
of  human  serum  was  not  successfully  revealed  {Table  3). 
Attention  was  turned  to  the  large  number  of  sera  not 
possessing  activity  among  the  volunteers  examined  in 
comparison  with  sera  of  persons  ill  with  typhoid  fever, 
confirmed  by  isolation  of  hemoeulture.  Thus,  in  the  group 
of  healthy  persons,  bac.erlolytlo  activity  was  not 
detected  in  35  out  of  99 »  and  in  the  group  of  typhoid 
fever  patients  -  in  one  out  of  21. 


Table  3 


Baoteriolytio  .otlrity  of  Sera  from  Persons 
Vaccina tedwltn  Typhoid  and  Typhoid- 
Paratyphoid  B  Vaooines  (Test  culture  - 
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While  studying  the  bactericidal  activity  of  sera 
with  the  use  of  endogenous  complement  It  was  noted  that 
a  large  number  of  persons  not  suffering  from  typhoid  fever 
and  not  vaooinated  had  relatively  high  baoterioldal 
indices  (at  least  2)  in  relation  to  3  Vi-strains  of  typhoid 
microbes  stud! *d  (Batnagar  Vi-1  4446  and  Ty?).  Beoause  of 
the  low  number  of  sera  with  relatively  low  baoterioldal 
activity  before  vaccination  we  did  not  suooeed  in  comparing 
this  index  in  volunteers  vaccinated  with  various  vaccines. 
At  the  same  time,  differences  were  not  detected  in 
bactericidal  activity  in  persons  with  relatively  high 
initial  indices,  vaccination  with  effective  and  ineffective 
vaoolnes  (Table  4).  Differences  in  the  dynamlos  of 
baoterioldal  aotivlty  of  sera  in  relation  to  three  tested 
Vl-stralns  of  typhoid  fever  microbes  were  not  detected 
either.  Moreover,  the  highest  bactericidal  activity  was 
determined  in  relation  to  the  Batnagar  strains  in  the 
lowest,  in  relation  to  the  Ty2 strain. 


Table  4 

Baoterioldal  Activity  in  Relation  to  Strain  S.  typhl  in 
Blood  of  Parsons  Vaooinated  Against  Typhoid  Fever 


Test  Klorobes 

Vaccine 

•o 
u  £ 

is 

sS 

ss  e 

-strain  of  S.typhi' 

Heated  1963 

n 

Alooholio  1962 
Chemical  from 

n 

Inst.of  Bpldeml-J 
ology  Sc  Miorobi- 

12 

Batnagar  Vi-1 

ology  named  for 

12 

S.  typhi  4446 

Galmalel 

Typhoid  and  Para 

S.  typhl  Ty, 

Typhoid  B  vaooin 

r 

Activity  at 
Various  times  * 


E 

F 

G 

2.67 

2,75 

2,54 

(0.14) 

(0.14) 

(0,25) 

2.67 

2,48 

2,73 

(0,13) 

(0.18) 

(0.13) 

2,75 

2.65 

2,50 

(0,11) 

(0.16) 

(0.19) 

3,2 

3.3! 

3.21 

(0,06) 

(0,09) 

(0,13) 

2.62 

3,03 

2.95 

(0,13) 

(0.14) 

(0.18) 

2,15 

1,95 

2,18 

(0.12) 

(0,04) 

(0,14) 

B,  Before  Vaoolnation  F,  20-30  days  after  1st  vaooination 
G, 30  days  after  second  vaooination 


1.  Baoterioldal  Index  and  its  standard  deviation  (in  units) 


An  increase  in  the  properdin  level  was  noted  in 
vaooinated  persons  in  all  groups  (Table  5).  However,  the 
inorease  proved  to  be  substantial  only  upon  overall 
analysis  of  these  examinations  in  groups  of  persons 
immunized  with  acetone  vacoine  K-voz.  The  mean  index  of 
properdin  in  this  group  was  not  substantially  different 
from  indices  determined  in  all  other  groups  of  vaccinated 
volunteers. 

No  substantial  changes  in  the  overall  complementary 
aotlvity  or  in  the  content  of  components  of  the  complement 
were  detected  in  persons  vaooinated  with  all  preparations 
studied. 

Thus,  after  immunization  within  intestinal  vaccines 
the  indices  of  bactericidal  reaction  studied  in  the  blood 
of  persons  with  relatively  low  initial  value  increased. 

No  differences  in  the  dynamlos  of  the  indices  in  persons 
vaooinated  with  typhoid  mono-  and  typhoid-paratyphoid  B 
vaccine 8  prepared  by  various  methods  and  of  varying 
epidemlologioal  effioaoy  were  noted. 

We  did  not  intend  the  fundamental  material  for 
analysis  of  the  role  of  baoterioldal  activity  of  blood 
in  human  immunity  against  typhoid  fever.  Nevertheless, 
the  results  of  our  researoh  permit  the  assumption  that  the 
intensity  of  postvaccinal  immunity  oannot  be  determined  on 
the  basis  of  indloes  of  the  baoterioldal  reaction.  Thus, 
the  blood  of  many  volunteers,  not  previously  vaooinated, 
possess  high  baoterioldal  activity.  Changes  were  not 
revealed  in  the  baoterioldal  aotlvity  in  persons  with  high 
initial  Indloes  after  vaoolnatlon  either.  Finally,  the 
lnjeotlon  of  the  ohemioal  dlvaooine  of  the  Gamalel  Institute 
of  Epidemiology  and  Microbiology  which  was  not  effective 
in  the  epidemiological  experiment  produced  an  Inorease  in 
phagocytic  aotlvity  of  leuoooytes  with  the  same  intensity 
as  did  injeotlon  of  highly  effective  heated  vaoolnes. 

CONCLUSIONS 

1.  The  injeotion  of  typhoid  fever  and  typhoid- 
paratyphoid  B  vaoolnes  produoed  an  Inorease  in  the  properdin 
level  and  phagooytlo  activity  of  leuoooytes  in  the  blood  of 
persons  with  relatively  low  initial  indloes.  In  persons 


8- 


Table 


with  high  initial  indices  the  corresponding  oh&nges  after 
vaoolnation  were  not  detected.  Therefore .  analysis  of 
immunological  displacements  after  vaccination  of  persons 
with  relatively  low  and  high  initial  indioes  should  be 
carried  out  separately. 

2.  The  correlation  between  epidemiological  efficacy 
of  typhoid  fever  vaccine  and  their  capacity  to  stimulate 
baoterioldal  activity  of  blood  was  not  established. 
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